Abstract Studies have implicated neuroinflammatory processes in the pathophysiology of various psychiatric conditions, including addictive disorders. Neuroimmune signaling represents an important and relatively poorly understood biological process in drug addiction. The objective of this review is to update the field on recent developments in neuroimmune therapies for addiction. First, we review studies of neuroinflammation in relation to alcohol and methamphetamine dependence followed by a section on neuroinflammation and accompanying neurocognitive dysfunction in HIV infection and concomitant substance abuse. Second, we provide a review of pharmacotherapies with neuroimmune properties and their potential development for the treatment of addictions. Pharmacotherapies covered in this review include ibudilast, minocycline, doxycycline, topiramate, indomethacin, rolipram, anakinra (IL-1Ra), peroxisome proliferator-activated receptor agonists, naltrexone, and naloxone. Lastly, summary
INTRODUCTION
Multiple studies implicate neuroinflammatory processes in the pathophysiology of various psychiatric conditions (Hirsch & Hunot, 2009; Sidoryk-Wegrzynowicz, Wegrzynowicz, Lee, Bowman, & Aschner, 2011) , including addictive disorders. As carefully reviewed in this issue of International Review of Neurobiology, neuroimmune signaling represents an important and relatively poorly understood biological process in drug addiction. As the field begins to more fully understand and appreciate the contribution of the innate immune system to addiction etiology and maintenance, these discoveries set up opportunities for the development of novel treatments for addiction targeting neuroimmune dysfunction. In this chapter, we briefly review findings implicating neuroinflammation in alcohol dependence, methamphetamine (MA) dependence, and HIV. We then discuss specific pharmacotherapies with neuroimmune properties and their development potential for the indication of alcohol and/or drug use disorders. Lastly, we place these findings in the context of medication development for addiction, including efforts to effectively translate preclinical findings into more efficacious treatments.
Neuroinflammation and alcohol dependence
Several studies have demonstrated that neuroinflammation plays a role in alcohol use and abuse, with chronic alcohol use being associated with microglia activation and increased innate immune cell signaling (Mayfield, Ferguson, & Harris, 2013) . Glial cell line-derived neurotrophic factor (GDNF) is a protein that is essential for the maintenance and survival of dopamine (DA) neurons (Boger et al., 2006) and can inhibit microglial activation (Rocha, Cristovão, Campos, Fonseca, & Baltazar, 2012) . Additionally, preclinical evidence suggests that infusion of GDNF into the ventral tegmental area (VTA) blocks the acquisition and expression of alcohol-induced conditioned place preference (Barak, Ahmadiantehrani, Kharazia, & Ron, 2011; Barak, Carnicella, Yowell, & Ron, 2011) , rapidly reduces alcohol intake (Carnicella, Ahmadiantehrani, Janak, & Ron, 2009 , Carnicella, Amamoto, & Ron, 2009 Carnicella, Kharazia, Jeanblanc, Janak, & Ron, 2008) , and blocks alcohol reinstatement following extinction (Carnicella et al., 2008) . Furthermore, endogenous levels of GDNF have been found to negatively regulate the rewarding effect of alcohol after a period of abstinence (Carnicella, Ahmadiantehrani, et al., 2009; Carnicella, Amamoto, et al., 2009 ). In one human study, GDNF serum levels measured peripherally were found to be significantly reduced in alcohol-dependent patients versus healthy controls and to be negatively associated with measures of tolerance and withdrawal (Heberlein et al., 2010) . It has been hypothesized that GDNF functions to reduce these alcohol-related behaviors in animal models by reversing an alcohol-induced allostatic DA deficiency in the mesolimbic system caused by prolonged excessive alcohol consumption and repeated withdrawal (Barak, Ahmadiantehrani, et al., 2011; Barak, Carnicella, et al., 2011) . Furthermore, there is evidence that pharmacological inhibition of phosphodiesterase-4 (PDE4), an enzyme that hydrolyses cyclic adenosine monophosphate (cAMP), decreases alcohol intake in mice (Hu et al., 2011) and rat (Wen et al., 2012 ) models of alcoholism, as well as reduces neuroinflammation and neuronal death in rats . In addition, a recent study found that another phosphodiesterase, PDE10A, mRNA levels correlated with greater alcohol self-administration during a relapse model and with ethanol preference after acquisition (Logrip & Zorrilla, 2012) , suggesting that inhibition of PDE10A may have behavioral effects on alcohol ingestion. PDE4 inhibitors are highly relevant because by increasing cAMP levels, PDE4 inhibitors show a broad spectrum of antiinflammatory effects in almost all inflammatory cells (Page & Spina, 2011) . While these studies are promising, they rely primarily on animal models. One of the primary limitations for the translation of these findings to human samples is the relative difficulty in assessing accurate central markers of inflammation coupled with the unclear nature of the relationship between peripheral (i.e., more readily accessible) and central makers of inflammation.
Neuroinflammation and MA dependence
Preclinical studies have shown that MA has multiple effects on neuroimmune activities. MA activates microglia, and blocking this glial activation subsequently attenuates MA-induced neurodegeneration (Flora et al., 2002; Ladenheim et al., 2000; Thomas, Francescutti-Verbeem, & Kuhn, 2008; Thomas & Kuhn, 2005) . Importantly, MA-induced microglial activation precedes the development of pathological changes in striatal DA neurons (LaVoie, Card, & Hastings, 2004) , suggesting that microglial activation is involved in the development of MA-induced neurological changes and is not merely a reaction to neurodegeneration.
In a human imaging study, a marker for activated microglia was significantly increased in abstinent MA users versus nonusing controls, and binding levels correlated inversely with the duration of MA abstinence (Sekine et al., 2008) . MA-dependent women exhibited severe reductions in glial tricarboxylic acid cycle rate compared to healthy control subjects in a magnetic resonance spectroscopy study, providing further evidence of in vivo glial cell dysfunction in MA users (Sailasuta, Abulseoud, Harris, & Ross, 2010) . Furthermore, emerging research suggests that microglial activation may mediate MA-induced synaptic plasticity (Narita et al., 2006) , thereby contributing to the prolonged susceptibility to drug relapse. Among human MA users, increased plasma levels of proinflammatory cytokines (IFN-α, IL-1β, IL-2, IL-6, and TNF-α) and chemokines (MCP-1, MIP-1α, and MIP-1β) were significantly associated with greater neurocognitive dysfunction (Loftis, Choi, Hoffman, & Huckans, 2011) . Together, these results suggest that medications that counteract MA-induced neuroinflammation and microglial activation may reduce MA-induced neurodegeneration, thereby improving neurocognition and treatment outcomes in MA dependence and perhaps other substance use disorders as well.
In addition to the potential negative impact of glial-mediated neuroinflammation on MA-related neurodegeneration, glial cells also produce neurotrophic factors that may ameliorate DA dysfunction in MA dependence. For example, GDNF selectively protects DA neurons, but not serotonergic neurons, from MA-induced neurodegeneration (Cass, 1996) , and increased GDNF expression in the putamen actually regenerates DA neurons and restores DA functioning in a nonhuman primate model of Parkinson's disease (Kells et al., 2010) . GDNF is found at high levels in the striatum including the nucleus accumbens (NAcc), and GFRα1 and Ret, the receptors for GDNF, are highly expressed in DA neurons in the VTA . Preclinical studies suggest that increased GDNF expression and the activation of the GDNF pathway reduce the biochemical and behavioral response to a variety of drugs of abuse including cocaine, opioids, alcohol, and MA. GDNF expression is increased in the NAcc in mice following MA administration, and treatment with the peptide Leu-Ile, which is a GDNF inducer, blocked the development of MA conditioned place preference and behavioral sensitization in wild type but not heterozygous GDNF knockout (GDNF +/À) mice . GDNF +/À mice have lower levels of GDNF and exhibit greater MA conditioned place preference . GDNF +/À mice acquire stable MA self-administration behavior more quickly than wild-type mice, exhibit greater motivation to self-administer MA (increased dose-response curve for MA self-administration and higher break point on progressive ratio schedule), and display greater reinstatement of prime-and cue-induced drug seeking following extinction, an effect that remained even 6 months after extinction training (Yan et al., 2007) . In humans, polymorphisms in the GDNF gene have been associated with age of onset of MA dependence and addiction severity in Japanese MA users (Yoshimura et al., 2011) . Together, these studies suggest that increasing GDNF is a promising approach to treating MA dependence due to its neurotrophic and neuroprotective effects that may restore DA functioning (Gramage & Herradon, 2011) and provide at least one mechanism that could not only reduce the reinforcing effect of MA but also reduce the use of MA itself Ghitza et al., 2010 ).
Neuroinflammation and HIV
Neuroinflammation and accompanying neurocognitive dysfunction are also major clinical issues in HIV infection, and they are exacerbated by concomitant substance abuse. HIV-associated neurocognitive disorders (HANDs) are common even with antiretroviral therapy, with 52% of patients in a recent HIV clinical cohort exhibiting at least some level of neuropsychological impairment (Heaton et al., 2010) . HIV does not directly infect central nervous system (CNS) neurons, and HAND is thought to result primarily from the infection and subsequent activation of CNS macrophages and microglia, which then secrete many of the same proinflammatory cytokines that are also secreted in response to MA and chronic alcohol use, including TNF-α, IL-1β, IL-6, and MCP-1 (Yadav & Collman, 2009 ). HIV proteins gp120 and Tat are also neurotoxic and combined with MA exhibit synergistic toxicity on striatal DA neurons and the blood-brain barrier leading to enhanced CNS penetration by HIV (Silverstein et al., 2011) . Not surprisingly, MA abuse increases the risk for neurocognitive impairment among HIV-infected persons (Carey et al., 2006; Rippeth et al., 2004) , especially with HIV/Hepatitis C Virus (HCV) coinfection (Cherner et al., 2005; Letendre et al., 2007) . Greater cognitive dysfunction is associated with poor HIV clinical outcomes including medication nonadherence (Becker, Thames, Woo, Castellon, & Hinkin, 2011 ) and worsened quality of life (Parsons, Braaten, Hall, & Robertson, 2006) . Therefore, medications that reduce neuroinflammation in HIV-infected substance users may improve HIV and substance-related clinical outcomes via improvements in neurocognitive functioning.
NEUROIMMUNE TREATMENTS
This section provides a review of pharmacotherapies with neuroimmune properties and their potential development for the treatment of addictions. Pharmacotherapies covered in this section include ibudilast, minocycline, doxycycline, topiramate, indomethacin, rolipram, anakinra (IL-1Ra), peroxisome proliferator-activated receptor (PPAR) agonists, naltrexone, and naloxone. A summary of the medications, their potential neuroimmune targets, and preclinical and clinical findings is provided in 
Ibudilast
Ibudilast (IBUD; MN-166/AV411) is a nonselective phosphodiesterase inhibitor with preferential inhibition of PDE3A, PDE4, PDE10, and PDE11 (Gibson et al., 2006) that also inhibits glial cell activation (Suzumura, Ito, Yoshikawa, & Sawada, 1999) and production of macrophage migration inhibitory factor (Cho et al., 2010) . IBUD has been used clinically for over 20 years in Asia for the treatment of bronchial asthma and, more recently, for poststroke dizziness and ocular allergies for which it has proven to be safe and well tolerated (Rolan, Hutchinson, & Johnson, 2009 ). IBUD increases expression of GDNF in in vitro studies (Mizuno et al., 2004) suggesting that IBUD may ameliorate DA dysfunction among MA users and alcohol-dependent patients via the induction of GDNF expression. IBUD also reduces microglial activation in vitro in preclinical studies (Suzumura, Ito, & Mizuno, 1999 Suzumura et al., 1999) . IBUD dosedependently protected against microglial activation and the subsequent cerebrovascular white matter lesions following bilateral ligation of the carotid arteries (an animal model of vascular dementia/cognitive impairment) in rats (Wakita et al., 2003) . IBUD also suppressed activated microglia-induced neuronal cell death in vitro via inhibiting production of proinflammatory cytokines (IL-1β, IL-6, and TNF-α), reactive oxygen species, and nitric oxide and via increasing the secretion of anti-inflammatory mediators (IL-10, nerve growth factor, neurotrophin-4, and GDNF) by microglial cells (Mizuno et al., 2004) . Preclinical studies have found that IBUD has significant effects on behavior in multiple rodent models of MA dependence including reinstatement, locomotor sensitization, and self-administration. Importantly, IBUD demonstrated a dose-dependent effect on behavior in all three models with the greatest effect at higher doses. In the MA-reinstatement model, rats were trained to lever press for MA after which MA infusions were discontinued and lever pressing extinguished. IBUD significantly reduced MA prime-and stress-induced reinstatement of active lever pressing (Beardsley, Shelton, Hendrick, & Johnson, 2010) suggesting that IBUD may be effective in reducing relapse during clinical treatment for MA dependence. While both high and low IBUD doses reduced stress-induced reinstatement, only the higher IBUD dose reduced prime-induced reinstatement. Our research group is actively engaged in studies of IBUD for the indications of MA (ClinicalTrial.Gov identifier: NCT01860807, NCT01217970) and alcohol dependence (ClinicalTrial.Gov identifier: NCT02025998). Additionally, a clinical study of IBUD for opiate dependence is underway (ClinicalTrial. Gov identifier: NCT00723177). In brief, IBUD is a potentially promising medication for addiction with supportive preclinical studies and several human trials underway. Importantly, the neuroinflammatory actions of IBUD represent novel targets in the field of psychiatry, and addiction in particular.
Minocycline and doxycycline
Minocycline is a tetracycline antibiotic typically used to treat acne. Recent studies have focused on minocycline as a therapeutic agent for psychiatric disorders in light of its antioxidant properties, which in turn are thought to target deficits in oxidative defense associated with psychiatric disorders (Dean, Data-Franco, Giorlando, & Berk, 2012) . For addiction, in particular, studies have highlighted the glutamatergic and DA effects of minocycline, which in turn have been implicated in addiction etiology (Kalivas & Volkow, 2005) . In addition, the effects of minocycline on neuroimmune and cytokine expression have been emphasized as potential therapeutic targets for this medication (Fan et al., 2007; Mishra & Basu, 2008) . Preclinical studies have found that minocycline attenuated NMDA receptor antagonist-induced cognitive impairment in rodents (Fujita et al., 2008; Munzar, Li, Nicholson, Wiley, & Balster, 2002) . Further, minocycline was protective against the deleterious effects of MA on DA transporter levels in monkeys (Hashimoto et al., 2007) . Additional preclinical studies suggested that minocycline blocked the rewarding effects of MA (Fujita, Kunitachi, Iyo, & Hashimoto, 2012) and reduced ethanol administration in mice (Agrawal, Hewetson, George, Syapin, & Bergeson, 2011) . A study of doxycycline, another anti-inflammatory mediator in the tetracycline derivative family, also observed reductions in alcohol consumption in mice, along with increased sensitivity to the motor-impairing effects of alcohol (McIver, Muccigrosso, & Haydon, 2012) . One study to date has examined the effects of minocycline in healthy human volunteers and found that minocycline reduced the subjective rewarding effects of dextroamphetamine, increased reaction times on a Go No-Go task, and reduced plasma levels of cortisol compared to placebo (Sofuoglu, Mooney, Kosten, Waters, & Hashimoto, 2011) . In summary, while there are no studies of clinical populations to date, the preclinical literature suggests that tetracycline antibiotic drugs such as minocycline, and possibly doxycycline, may have therapeutic effects for addiction and that these effects may be, at least in part, mediated by their neuroinflammatory properties.
Topiramate
Topiramate is an anticonvulsant medication with demonstrated clinical effects on drinking outcomes among alcohol-dependent individuals ( Johnson & Ait-Daoud, 2010) . In addition, studies have found that topiramate has anti-inflammatory properties and that it decreases alcohol consumption in animal models (Breslin, Johnson, & Lynch, 2010; Zalewska-Kaszubska et al., 2013) . A preclinical study found that topiramate inhibited the production of several proinflammatory cytokines, including IL-17, IFN-γ, TNF, IL-6, and IL-10, which are generally produced by either T cells or antigen-presenting cells (Bhat et al., 2010) . This study demonstrates that GABAergic drugs such as topiramate can act on T cells or antigen-presenting cells to suppress inflammatory signalling. Notably, no studies to date have implicated the anti-inflammatory properties of topiramate in its clinical or preclinical efficacy for alcohol or other substance use disorders. Nonetheless, recognizing that these anti-inflammatory effects are present for medications with known clinical efficacy, such as topiramate and opioid antagonists (discussed below), provides intriguing evidence to suggest that neuroinflammatory process may be common mechanisms across efficacious pharmacotherapies for addiction.
Indomethacin
Indomethacin is a nonsteroidal anti-inflammatory and a cyclooxygenase (COX-2) enzyme inhibitor. A preclinical study found that administration of indomethacin prevented ethanol-induced behavioral deficits caused by the ethanol-induced COX-2 and nitric oxide synthase (iNOS) expression and subsequent neuronal death. These findings indicate that indomethacin had protective effects against ethanol-induced brain damage by reducing inflammatory signalling and, in turn, prevented ethanol-related cognitive and motor decrements (Pascual, Blanco, Cauli, Minarro, & Guerri, 2007) . However, a human pharmacology study found that indomethacin pretreatment did not alter the effects of alcohol or pentobarbital on subjective drug ratings, heart rate, and cognitive/psychomotor performance (Pickworth, Fant, & Henningfield, 1997) . Perhaps the neuroprotective effects of indomethacin may be better observed after chronic alcohol consumption in humans, yet extensive controlled studies are needed before establishing whether indomethacin may have therapeutic value for substance use disorders.
Rolipram
The cAMP signaling cascade is thought to subserve the behavioral responses to alcohol. As previously described, PDE4 catalyzes the hydrolysis of cAMP and regulates intracellular cAMP levels. Rolipram is a selective PDE4 inhibitor thought to represent a novel treatment option for alcoholism due to its effects on the cAMP cascade. A recent preclinical study found that rolipram acutely reduced ethanol self-administration in a dose-dependent fashion and also, after chronic dosing, reduced ethanol preference and consumption (Wen et al., 2012) . This is consistent with a previous study showing that acute rolipram administration substantially reduced ethanol consumption and preference in mice (Hu et al., 2011) . Together, these findings suggest that rolipram as well as other PDE4 inhibitors, may have potential for the treatment of alcoholism and perhaps other substance use disorders.
Anakinra (IL-1Ra)
Anakinra is an interleukin (IL-1) receptor antagonist frequently used in the treatment of rheumatoid arthritis. Studies have found that anakinra (IL-1Ra) crosses the blood-brain barrier in rodents (Shavit, Wolf, Goshen, Livshits, & Yirmiya, 2005) and also reduces CNS inflammation in humans (Goldbach-Mansky et al., 2006) . Perhaps most intriguing, an animal study found that anakinra reduced alcohol-induced sedation in mice (Wu et al., 2011) . More recently, a rodent study found that IL-1Ra's inhibition of IL-1 signaling was associated with a significant reduction in alcohol-induced liver inflammation, fat accumulation, and damage (Petrasek et al., 2012) . Although preliminary, these intriguing studies advance IL-1 receptor antagonists as possible therapeutics for alcoholism. One ongoing trial of Anakinra for patients with severe and acute hepatitis and alcoholism was identified through a search of ClinicalTrial.Gov database (ClinicalTrial.Gov identifier: NCT01809132).
PPAR agonists
PPARs are ligand-activated nuclear receptors that function as transcription factors. There are three known PPAR isoforms, PPARα, PPARβ/δ, and PPARγ, which are located throughout most peripheral tissues, as well as in neurons and glia in the brain (Gofflot et al., 2007; Moreno, Farioli-Vecchioli, & Ceru, 2004; Sarruf et al., 2009; Woods et al., 2003) . Activation of PPAR attenuates innate immune signaling, thereby mediating antiinflammatory and neuroprotective processes (Berger & Moller, 2002; Kapadia, Yi, & Vemuganti, 2008; Landreth & Heneka, 2001; Pistis & Melis, 2010) . Importantly, PPARα and PPARγ receptors are densely expressed in the lateral hypothalamus, are located in VTA DA neurons, and can modulate DA release from the VTA into the NAcc (Melis et al., , 2008 Moreno et al., 2004; Sarruf et al., 2009 ), all of which suggest a potential role in addiction-related processes. In support, recent studies that have pharmacologically manipulated PPAR in rodents and nonhuman primates have provided promising results advocating PPAR agonists as potential addiction-related treatments. Two selective PPARγ agonists, the thiazolidinediones pioglitazone and rosiglitazone, reduced alcohol consumption, abolished reinstatement of alcohol-seeking behavior, and reduced alcohol withdrawal symptoms in rats (Stopponi et al., 2011) . Pioglitazone and ciglitazone, which is another thiazolidinedione selective for PPARγ, blocked the expression of locomotor sensitization to MA in mice (Maeda et al., 2007) . Additionally, in rodents and nonhuman primates, clofibrate, a fibrate medication and selective PPARα agonist, blocked nicotineinduced VTA firing and DA release in the NAcc at the molecular level, and at the behavioral level it blocked the acquisition of nicotine-seeking behavior in nondependent animals, decreased nicotine self-administration in dependent animals, and prevented relapse to nicotine seeking in abstinent animals (Panlilio et al., 2012) . Thus, in rodents and nonhuman primates, PPAR agonists may be effective in reducing the motivational and salient properties of multiple drugs (i.e., MA, alcohol, and nicotine) by modulating neurotransmission within the common reward pathway by which drugs of abuse are thought to exert their positively reinforcing effects. One ongoing clinical study of pioglitazone was identified as an adjunct treatment to opioid and nicotine dependence (ClinicalTrial.Gov identifier: NCT01395797). While these medications have not yet been tested in humans for this purpose, fibrates and thiazolidinediones are already approved for use in humans as treatments for elevated cholesterol and diabetes, respectively, and thus, repositioning these medications for use as addiction pharmacotherapies may provide a fast and economically feasible alternative in treatment development.
Naltrexone/naloxone
Naltrexone is an opioid antagonist approved for the treatment of alcoholism and heroin dependence and is currently under investigation for treatment of nicotine dependence. Naloxone is also an opioid receptor antagonist with similar affinity to mu opioid receptors as naltrexone, but relatively lower affinity to kappa and delta opioid receptors. Each of these medications is available in two isomers: the (À) isomer is the common opioid receptor antagonist form of each drug, whereas the (+) isomer does not bind (or has significantly reduced binding affinity) to opioid receptors (Hutchinson et al., 2008 (Hutchinson et al., , 2011 . However, both the (+) and (À) forms of each drug are antagonists at the Toll-like receptor 4 (TLR4; Hutchinson et al., 2008) . Interestingly, despite its inability to antagonize opioid receptors, (+) naloxone was found to reduce stimulant-induced locomotor activity (Chatterjie, Alexander, Sechzer, & Lieberman, 1996; Chatterjie, Sechzer, Lieberman, & Alexander, 1998) , which is congruent with findings suggesting that TLR4 contributes to the acute effects of drugs of abuse (Hutchinson et al., 2012) and the ability of opioid receptor antagonists to affect such responses (Wu et al., 2012) . The activation of TLR4 predominantly contributes to glial activation and the subsequent release of numerous proinflammatory cytokines (Mayfield et al., 2013) . Importantly, these TLR4-related processes are involved in the behavioral and neuroinflammatory effects of drugs of abuse (Mayfield et al., 2013) , as TLR4 activation has been shown to be integral to alcohol-induced glial activation and proinflammatory signaling (Alfonso-Loeches, Pascual-Lucas, Blanco, Sanchez-Vera, & Guerri, 2010; Blanco, Pascual, Valles, & Guerri, 2004; Blanco, Valles, Pascual, & Guerri, 2005; Fernandez-Lizarbe, Pascual, & Guerri, 2009 ), as well as alcohol's behavioral effects in rodents (Wu et al., 2012) . Furthermore, in rodents, naltrexone attenuates proinflammatory TLR4-related signaling (Hutchinson et al., 2011) and blocks ethanolinduced glial activation and neuronal death (Qin & Crews, 2012) , while (+) naloxone reduces acute alcohol-induced sedation and motor impairment (Wu et al., 2012) . In sum, these findings may indicate that TLR4 signaling is involved in both the acute behavioral and chronic inflammatory effects of alcohol and other drugs of abuse and also that such TLR4mediated processes may be ameliorated by the opioid receptor antagonists naltrexone and naloxone.
Summary and conclusions
The literature on the role of neuroinflammatory processes in psychiatric disorders broadly, and addiction, in particularly, is in its infancy. As the field quickly develops a more refined understanding of the effects of the innate immune system in addiction etiology, the opportunities for intervention become clearer and hopefully more targeted. One of the important recognitions from this review is that while largely predicated on preclinical studies, there is compelling evidence to suggest that medications modulating neuroinflammatory processes represent promising alternatives for addiction treatment and do so by targeting novel pathways. In addition, one quickly recognizes that medications with established efficacy for addiction, such as naltrexone and topiramate, also have neuroinflammatory properties. As such, a plausible question is the degree to which such inflammatory effects contribute to their clinical efficacy.
Importantly, the promise of newer and more effective treatments for substance use disorders ought to be considered in light of an efficient pathway from preclinical to clinical science. As outlined recently by Litten and colleagues, the effective translation of treatments from bench to bedside involves carefully addressing translational questions at all levels of analyses (Litten et al., 2012) . To that end, proof-of-concept laboratory studies offer an important bridge between preclinical findings and clinical application to treatment-seeking samples. Human laboratory models can be used to guide identification of medications with promise of efficacy by collecting both safety and alcohol/drug interaction data along with initial demonstration of subjective responses to alcohol/drug, cue-reactivity, and selfadministration models (Plebani et al., 2012) . Human laboratory models can also aid in the effective translation of preclinical findings by elucidating the biobehavioral mechanisms by which pharmacotherapies may be efficacious for addiction (Ray, Hutchison, & Tartter, 2010; Ray, Mackillop, & Monti, 2010) . Such findings on safety and mechanisms are vital to deciding whether to invest resources for efficacy testing for a putative addiction medication. Our team has used human laboratory paradigms to test several medications for addiction, including naltrexone (Ray, Bujarski, Chin, & Miotto, 2012; Ray & Hutchison, 2007) , topiramate (Miranda et al., 2008; Ray et al., 2009 ), quetiapine (Moallem & Ray, 2012; Ray, Chin, Heydari, & Miotto, 2011) , and varenicline (Ray et al., 2014 (Ray et al., , 2013 . Given the new opportunities presented by recent discoveries on the role of neuroinflammation in addiction as well as new advancements in the technology of medication development, including the refinement of powerful human laboratory models, the stage is set for the discovery of novel treatments for substance use disorders. The ultimate goal is to develop treatments for addiction that are more efficacious than the available ones and to further boost the efficacy of these novel compounds through personalized approaches, including genomics and behavioral science. Together, these approaches have the potential to mitigate the many costs of addiction to the individual and to society at large.
